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are important for innovation and entrepreneurship, and also a key factor for regional economic growth. Thus, as a starting point, the four PA IP offices decided to concentrate efforts on expediting patent prosecution through the signature of an agreement regarding a Patent Prosecution Highway (PPH) Program, harmonizing and simplifying the trademark registration process, and establishing a technological platform that serves as a pilot program for the information dissemination and technology transfer.
Against this backdrop, this paper explores the current state of patent flows of patent intensive goods among the PA member economies and assesses whether the patent cooperation mechanisms set forth in the PA, namely the PPH, is the most effective vehicle to achieve increased levels of intra-regional trade, innovation and entrepreneurship among Chile, Colombia, Peru and Mexico.
Accordingly, this paper is structured as follows. Section II will provide a general context on the relationship between IPRs, trade and innovation by reviewing the existing literature on these subjects. Section III will explain the objectives and characteristics of the PPH as contained in the Joint Declaration of the IP Offices of the PA, the Memorandum of Understanding regarding the functioning of the PA PPH, and the PPH application guides issued by each PA patent office. Section IV will describe the trade flows of patent intensive goods within PA economies and constitutes, along with section III, and important and necessary contextual background for section V, which contains the main findings of this analysis. Thus, section V will present and assessment of the effectiveness of the PA PPH to foster intra-regional trade and local innovation. This assessment will be based on OLS and
Panel Data gravity models that will allow to profile the industries that could benefit the most the PPH. Section VI will conclude this paper by presenting the main conclusions.
II. General Background: The relationship among patent protection, international trade and innovation
The relationship between patent protection and international trade forms part of a broader discussion involving IPRs in general. The literature review indicates that there is no consensus as to the effects of increased IPR protection on international trade. On the one hand Fink and Primo, 2 Briggs and Park, 3 and Montobbio and Sterzi, 4 among others, agree that strengthening IPRs policies -including patent protection-has a positive effect on trade, benefiting both exporters and importers regardless of their level of development. On the other hand, there is a group of authors that share as less optimist view about the overall effects on trade of a stronger IPRs protection. From the perspective of Maskus and Penubarti, 5 Akkoyunlu, 6 and Auriol, Biancini and Paillacar, 7 and more recently Shin, Lee and Park 8 a stronger IPR protection has a positive impact on trade flows, however, developed economies tend to benefit more from the additional protection than developing countries. The views of these two groups of authors are further discussed in this section.
The group of authors defending the positive impact of IPRs on trade for both developed and developing countries, believe that additional protection will lead to an increase in foreign direct investment, technology transfer and economic growth in developing countries, in particular because such framework would also encourage companies to innovate as it facilitates access to developing markets by reducing costs associated with the technological lost. The other group of authors including Maskus and Penubarti, 10 Akkoyunlu, 11 Auriol, Biancini and Paillacar, 12 and Shin, Lee and Park 13 argue that only developed economies are able to assume the costs related to the implementation of a stronger IPR framework, thus creating a trade barrier for domestic companies in the developing countries. Based on their assessment, a more comprehensive IP protection attracts more imports from innovative countries -in most cases developed markers-to replace uncompliant domestic production. From this point of view, higher IP protection, although may increase trade, is not necessary the best policy for developing economies, in particular those willing to promote their innovation ecosystems.
With regard to patents, Gnangnon and Moser 14 obtained evidence that irrespective of the countries being developed or developing, strengthening patents rights protection was conducive to export diversification. However, the impact of such protection in reducing the concentration of their exports baskets was higher in developed countries compared to developing ones. Maskus and Yang 15 also found results consistent with the hypothesis that a higher protection of IP increases the exports of products of patent-intensive industries.
However, according to their results and contrary to other studies, this effect is especially notable in middle-income countries, even more so than in developed economies. Nonetheless, it is also worth to remark that the number of patents granted does not automatically indicate if innovation is happening or not. Innovation, in fact, is different from invention. Innovation is defined as the generation of an idea or invention, and the conversion of that invention into a business or other useful application. Or, in simple terms, innovation is equal to invention plus exploitation. 23 That means that while inventions can be granted patent rights, in order to become innovation, those patented inventions have to be commercialized.
In fact, in many cases there is a considerable time lag between the moment of invention (and patenting) and innovation. Against this background, unlike current FTAs, the PAAP does not include a chapter on IPRs.
The PA members have decided to address IP aspects, pragmatically, through a technical working group with an evolving agenda. The IP working group has concentrated -until this point -on administrative cooperation initiatives.
B. Patent cooperation mechanisms within the Pacific Alliance
The IP Working Group -established in 2012 during the Cadiz Declaration -was instructed in 2013 to "prepare and implement a work plan with joint and specific cooperative actions between intellectual property offices, in order to share experiences and extend the collaborative and communication links between them, in order to achieve a better use of the IP system for the benefit of its users". 29 In light of these instructions, on 8th October, 2015, Nonetheless, in order to secure a patent, three requirements shall be met: novelty, inventiveness and industrial applicability. 32 In general terms, novelty requires than an invention shall be new. Thus, a patent can be denied by any evidence that an invention is already known to the public or was disclosed before the patent application date.
Inventiveness refers a significant advance over the state of technology at the time the patent application was made. This requirement aims at the preventing the patenting of trivial advances in the state of technology. Industrial applicability, in turn, refers as to whether an invention is capable of use and provides some identifiable benefit.
While those principles are minimum standards deriving from international treaties (i.e.
Agreement on Trade-Related Aspects of Intellectual Property -TRIPS-) there are divergences
between each country as, for instance, the norms and administrative procedure to grant a patent. 33 That is why, when seeking patent protection in multiple countries, applicants have to follow different processes according to each country where they wish to patent an invention because different countries have different interpretations of patentability minimum standards. As it was showcased by a 2010 study by London Economics, increases in backlogs translate into longer pendency times (which is the time that it takes for a patent application to be processed from the date of filling to the day of grant). Furthermore, extended pendency time reduces the value of patents to applicants, which in turn reduces incentives for innovation. Likewise, applications that do not meet requirements for patentability may remain unexamined, and hence gain temporary monopoly power for a longer period. On the other hand, the analysis of each patent application can be very complex. For instance, in order to determine whether an invention is novel or not, a patent examiner has to make a As it can be observed from the figure above, the PPH is only a work-sharing mechanism. It does not harmonize substantive aspects of patent law. The details about the functioning of the PPH will be reviewed in the next section. 38 Ibid. 39 European Commission (n 19) 8
The Patent Prosecution Highway: A work-sharing administrative mechanism for patent accelerated examination
PPHs, in general, allow patent offices to benefit from work previously done by an earlier patent office. This refers to (i) prior art search results and/or (ii) examination results.
Therefore, they help to reduce examination workloads and allow applicants to obtain patents in less time and more efficiently. In this sense, a PPH scheme facilitates cross-border patenting. It is important to remark that the PHH does not grant any substantive right to the patent applicant. In fact, a patent office can deny the granting of a patent even if an earlier patent office has already granted one. This is the reason why the PPH does not constitute a substitute for harmonization of patentability standards. Instead, it is just a framework that allows participating PPH patent offices to utilize previous search and/or examination results.
Moreover, under the PPH, each national patent office has the obligation to conduct its examination in accordance with its own sovereign national patentability law and standards. Many argue that making use of information collected by previous patent offices can improve the quality of the examination procedure as the scope of the prior art is expanded or refined.
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Nonetheless, this also depends on the degree of the similarity of the scope of claims presented for the same patent application in different patent offices. For this reason, one of the requirements of PPH cooperation schemes is that the claims of the patent application presented in subsequent patent offices must be substantially similar to the claims presented in previous patent offices.
Patent Prosecution Highway models
PPHs have evolved since they were first use in bilateral agreements among patent offices. (OLE)". The reason for this change is that an applicant is allowed to make use of any positive examination report issued by an OEE -not just one from the office of first filing (OFF)-in their request under the PPH framework. The Mottainai model is considered to be an improved version of previous PPH programs as it makes the most use of prior resources for patent examination. Indeed, "Mottainai" is a Japanese word meaning "a sense of regret concerning waste when the intrinsic value of an object or resource is not properly utilized".
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This model can be better represented in the following way: In the context of the PA, the first milestone of patent cooperation mechanisms is the PPH.
This mechanism was established in 2015 for a trial period of three years (starting in July 1, According to the memorandum of understanding, the PA PPH will follow the Mottainai model, as previously described. 46 Therefore, where the request for participation in the PA PPH programme is granted, the application will be advanced and will be processed in an accelerated manner.
While the memorandum of understanding provides for general grounds for the functioning of the PA PPH, each PA patent office have established guidelines on how to access the program.
In general terms, the request for accelerated examination can be based on: Finally, the OLE should have not begun substantive examination of the application yet.
On the other hand, in case of a PA PPH application based on a PCT work product issued by Chile´s INAPI, the guidelines set out similar requirements as the ones described above.
Additionally, the PA PPH application must suffice at least one of the conditions set out in the guidelines regarding the PA PPH application relationship to the international application under the PCT. 46 In the 11th Summit of the PA in Puerto Varas, Chile, the presidents of the four PA member countries instructed the working group on IP to continue with the implementation of the PPH at the national level. Accordingly, each national IP office has issued guidelines on the implementation of the PPH. Utility models are often called "petty patents" or "innovation patents". Their scope of protection is significantly lower than the one provided by the patent system. For instance, the term of protection varies between 7 to 10 years, and in some countries utility model protection is not available for processes. 48 However, utility models are much easier to obtain and have been considered an option to incentivize minor and incremental innovation.
Furthermore, they have been mainly used by resident applicants rather than non-resident applicants. 49 This is why, the PPH under PROSUR -PROSUL might represent a more attractive option for SMEs than the PPH under the PA scheme.
Having explained the main objectives and characteristics of the PPH programs and how this scheme will function in the context of the PA, the next section will review the trade flows of patent intensive-goods in the PA. All products Patent-intensive Data at a country-level reveals significant differences in the export patterns of PA members. The most important markets for patent-intensive goods exported by the PA economies were:
United States, Canada, Brazil, Germany, and China. The value patent-intensive exports to United States market averaged USD 261,799 million (80% of PA patent-intensive exports).
The second was Canada with a value of USD 7,838 million; Brazil USD 5,350 million;
Germany USD 3,664 million; and China USD 3,061 million. Among the markets that expanded the most for PA patent-intensive exports were: Italy 52%; France 37%; Korea 16%; China 14%; Spain 14%; and United Kingdom 10%; to mention a few. The intra-PA trade that increased by 9.4% during this period. (See table 2 ). The industry-level analysis reveals that motor vehicles, industrial machinery, and electrical equipment were the industries in the PA with the largest patent-intensive exports. Based on a Intra-PA export of patent-intensive goods is low compared to the value exports of these goods to other international markets. The value of intra-PA exports of patent-intensive products averaged USD 6,762 million, which is only 2.6% of PA exports of patent-intensive exports to the world. The largest market among PA members for patent-intensive goods produced within the region was Colombia, whose purchases averaged USD 3,131 million or 1.2% of PA exports of patent-intensive goods; followed by Peru USD 1,725 million, Chile USD 1,386 million, while for Mexico the value was only USD 520 million.
During the period 2011-2015, the value of intra-PA patent-intensive exports increased by an average of 9.4%. This value is higher than growth of exports of this same group of products to the rest of the world. This trend suggests that even though intra-PA exports of patentintensive goods are low, they are increasing faster than the total trade. The value of Colombian imports of this products from other PA markets increased by 3.5% per year during the last five years. The value for Peru was 6.6%; Chile 2.5%; and Mexico 17.2%.
Furthermore, the analysis of intra-PA exports reveals other interesting insights. Based on their total value, the industry with largest intra-PA exports was also motor vehicles USD 2,195 million equivalent to a share of 32.5%; followed by machinery USD 778 million or 11.5%; and electrical equipment USD 713 million or 10.5%. These three industries were also predominant at the global level, however, other industries such as plastic and rubber accounting for USD 646 million or 9.6%; resin and synthetic rubber USD 578 million or 8.6%; and the pharmaceutical products USD 393 million or 5.8%, had more importance at the intra-regional level than they do at the global level.
This trend is also reflected on the proportion of intra-PA exports as share of exports to the world. The industries were intra-PA trade has the highest proportion were resin and synthetic rubber, with over 14.9% of PA exports of these products going to other PA markets; followed by pharmaceutical products with 11.8%; and basic chemicals with 8.9% (See table 3). Some of the industries were intra-PA exports grew faster than those to the rest of the world include the motor vehicles, where intra-PA exports increased by 17.2%; aerospace industry with an average increase of 15%, semiconductors 13%; and basic chemicals 3.1%. The exports of the remaining patent-intensive industries experienced lower intra-PA growth than did their values to the rest of the world. This situation was particularly negative for the computer equipment as intra-PA exports contracted by an average of -4.2%, while intra-PA exports of telecommunication equipment contracted by an average of -12.5%. More information about these trends in available in annex 1.
The overall assessment reflects that there is a nascent patent-intensive industry in the PA, with exports expanding faster than the rest of the products these countries trade with the world. Moreover, the figures revealed that patent-intensive exports constituted a significant share of PA exports to the world. However, further analysis indicated most of regional patent-intensive exports are concentrated in Mexico while only a very small proportion in other PA economies (no more than 8% of their total exports). The value of Mexican exports of patent-intensive exports to NAFTA 51 markets overshadowed the actual dimension of the value of regional patent-intensive exports, which is still limited compared to total trade.
Because of this reason, the intra-PA patent-intensive exports provided with a better snapshot of the current situation. The most important patent-intensive industries in the region were the motor vehicles, industrial machinery, electrical equipment, while industries such as resin and synthetic rubber, pharmaceutical products and basic chemicals, while not the largest in overall terms, are very intra-PA oriented (most of their exports are to other PA economies).
The identification of the largest exporters of this products at a company level revealed that the majority of the companies exporting patent-intensive products from a PA country, are multinational companies from developed countries, while only a small percentage of them are actual multilatinas (Latin American multinationals). 52 This results suggests that foreign multinational are still the dominant actors in patent-intensive industries PA, and therefore are the most likely to benefit from the improvements in the regional IPR protection ecosystem.
The following section introduces an empirical model that aims to describe the factors that influence trade on patent-intensive exports among the PA and their most important trading partners around the world, as well as those of an increase in the resident patent applications. 51 The North American Free Trade Agreement is composed by Canada, Mexico and U.S. Most of Mexican exports are orientated to NAFTA's markets, and patent-intensive exports are not the exception. 52 Data at the company level was found using Legiscomex (available for Chile, Colombia, Mexico and Peru). We consider the following econometric specifications for the OLS: Table 9 .0 Expenditure-side real Gross Domestic Product (PPPs in USD millions 2011) of the importing country (j).
Penn World Table 9 .0 Difference of the Relative Factor Endowment between both countries.
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Penn World Table 9 .0 Patent applications in country (i) WIPO Binary variable that indicates whether there is a Free Trade Agreement between the exporting country (i) and trade partner (j).
SICE-OAS
For the three-way dynamic Gravity Model then we take into consideration the effects of time so the model specification results as following:
60 The exports are measured in USD thousands for each particular year were deflected using the Wholesale Price Index in the US to eliminate nominal effects. 61 Where RLFACij = |ln(Kj ⁄Lj) -ln(Ki ⁄Li)| with K and L denoting capital stock and labor force, respectively. Capital stock at current PPPs (in mil. 2011US$) and labor is the number of persons engaged in the labor force in millions of persons.
The results of the linear OLS regression are presented in table 4 The results for the panel data model are presented in table 5. Some of these variables are not susceptible to changes in public policy (for instance distance and GDP), however, there is room for policy recommendation on the remaining areas, in particular those of resident patent applications, FTAs and relative factor endowments.
With regard to resident patent applications in the exporting country, if the OLS model is consider, the results put forward the idea that an increase in the number of them would have a positive impact on patent-intensive exports. These results justify current efforts to promote innovation across the PA, as well, as the initiatives to promote IPRs cooperation activities and the establishment of a fast-track patent system as discussed earlier on this paper. Now, with regard to the negotiation of FTAs, the results suggest that the existence of this type of agreements is an influential variable to exports of patent-intensive goods. Based on this, trade of patent-intensive goods among PA economies and the world could benefit from further liberalization, however, the decision of negotiating a FTA should also take into consideration other economic and political factors and the potential impacts to other industries and the scope of its IPR clauses. Moreover, the model suggests that an improvement of regional competitiveness in areas related to transactional and transportation costs (i.e. trade facilitation, infrastructure and connectivity), could benefit the expansion of export-orientated patent-intensive industries. were granted to non-residents while only nineteen were granted to residents. In the case of Chile, 1,058 patents were granted to non-residents while 150 were granted to residents. In the case of Colombia, 921 patents were granted to non-residents while 82 were granted to residents. Finally, in the case of Mexico, 8, 928 patents were granted to non-residents while 410 were granted to residents. The gap between these two groups, resident and non-resident inventors, cannot be more clear.
This means that nationals or residents in PA member countries make a limited use of the patent system. Then, the question is to what extent, they can benefit from a complementary PPH framework and whether the PPH is the ideal cooperation mechanism to enhance intraregional trade and entrepreneurship in the region, as it seems that local applicants do not file patent applications as much as non-residents. In fact, all the above mentioned characteristics indicate that typical PPH users are transnational corporations. They would benefit the most out of the PHH framework as they are aware that earlier patent allowance permits earlier exclusivity in a given market. As Chun 64 However, it is not necessary that the PPH application contains all the claims that are part of the patent application presented at the office of early examination. 65 World Intellectual Property Indicators (2015) reveal that Information and Communication Technologies (ICT) are in fact an area in which the number of patent applications has grown substantially over the years. According to data up to 2014, the ICT sector accounts for the largest share of patent applications worldwide. The reasons that explain the situation above are the fast pace evolution of the industry and the benefits of securing patent rights in order to engage in licensing activities. From the above comparative experience of other PPH mechanism, it can be inferred that the industries that will use the PPH system intensively are industries in a fast moving environment that need to secure patents in several jurisdictions and industries that are engaged licensing businesses. Now, the question is whether or not, such industries exist in the four member countries of the PA. This can only be explained based on the economic data provided in the previous sections.
According to the industry-level analysis undertook in the economic section of this study, it was showcased that motor vehicles (30%), machinery (17%), and electrical equipment (11%)
were the industries with the largest patent-intensive exports. Other industries with significant exports of patent-intensive goods include the semiconductors (11%); communication equipment (8%); and computer equipment (7%). As previously mentioned, the most dynamic sectors are the most interested in streamlining the patent application process as they are the most likely to benefit from PPH. The industrylevel analysis reveals that such industries (e.g. ICT-related industries such as semiconductors, communication and computer equipment) while not the most import industries in the PA based on the size of their exports, still have a significant share in regional patent-intensive exports (their sum makes for over 25% of PA's patent-intensive exports). Yet, there is a notable gap between these statistical results when Mexico is excluded from the analysis.
C. Additional aspects to consider for future patent cooperation activities
The PPH has other aspects of importance to remark. The PPH as incorporated in the framework of the PA does not mandate extra fees to request examination. This means that prosecution costs will be reduced for patent applicants within the PA PPH. Further cooperation activities in the area of patents could include not only the absence of fees to access the PPH but also a reasonable reduction of fees to make the registration of patents more attractive. However, this is an idea that has to be carefully explored. At the level of the European Union it has been studied how the costs of filing and maintaining a patent influence contribute to the initial problem of higher backlogs or less exhaustive examination processes if the number of examiners does not increase accordingly.
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The reduction of fees could be of especial relevance to SMEs and for intra-regional trade.
According to the OECD; SMEs account for approximately 99% of businesses and 67% of employment in PA countries. 73 As such, policies oriented towards the internationalization of SMEs should consider the IP aspects of their business strategies. 
VI. Conclusions
Securing international patent protection requires significant investments in time and effort. A patent application must be filed in each individual country where patent protection is sought.
Albeit international minimum standards, the requirements for patentability vary across jurisdictions. In light of the difficult task to harmonize substantive patent law, patent offices have turned to cooperation activities. For instance, in the context of the PA, there is no obligation for member states to harmonize substantive aspects of IP protection. The PA only provides, until this point, for cooperation initiatives. One specific type of cooperation initiative that the PA has undertaken with regard to patent protection is the PPH.
The PPH is a work-sharing mechanism that is used for many patent offices to accelerate patent examination procedures and reduce backlogs. In the context of the PA, the PPH has a further objective: to promote regional economic growth, which is affected at the same time by increased levels of intra-regional trade and innovation.
However, based on economic data and comparative experiences regarding the use of PPH systems, it was found that the main beneficiaries of this scheme would be multinational companies holding large patent portfolios, and that are already engaged in cross border patenting and licensing activities. The patent-intensive industries in the PA with the largest exports to the world are: motor vehicles, industrial machinery, electrical equipment, and ICTrelated industries (semiconductors, communication and computer equipment). Within PA markets, multinationals dominate the majority of these industries.
In light of this, it seems possible that the PPH will become a platform for large business, However, the results obtained using panel data regressions that take into account the changes in time, suggested that an additional resident patent-application could actually reduce exports by 0.004%. These results are consistent with the fact that most of the patents in the PA countries are granted to non-residents instead of residents.
However, the results obtained in the other variables included in the empirical model, in particular the relative factor endowments justify current efforts to promote innovation across the PA, as well, as the initiatives to enhance IPRs cooperation activities and the establishment of a PPH. These results are also a sign that in order to promote patent-intensive exports, protection is necessary and should come in form of IPR protection and the establishment of a regional innovation system across the PA.
One of the suggestions of this paper is to develop evidence-based monitoring regarding the evolution of the PPH. In this context, a monitoring system should place emphasis on the actors making use of the PPH system (e.g. type of applicant, industry, weather is resident or non-resident, number of SMEs and multinationals, among others). This will allow the assessment of the effectiveness of the PPH as a patent cooperation scheme.
